Introduction
On 5 December 2013 the European Council promulgated Directive 2013/59/EURATOM "laying down basic safety standards for protection against the dangers arising from exposure to ionising radiation" (henceforth referred to in this policy statement as the 'Directive') [1] . This directive is important for the Medical Physicist (L 13/3 (29) of [1] ) and Medical Physics Expert (MPE, Article 4 (49) of [1] )here collectively referred to as Medical Physics Professionals (MPP) as it puts the role of MPP on solid foundations. It describes the role and competences of MPP in medical radiological services, meaning services "pertaining to radiodiagnostic and radiotherapeutic procedures, and interventional radiology or other medical uses of ionising radiation for planning, guiding and verification purposes" (Article 4(50)) and non-medical imaging exposure meaning "any deliberate exposure of humans for imaging purposes where the primary intention of the exposure is not to bring a health benefit to the individual being exposed" (Article 4(55)) much more comprehensively. In the case of 97/43/EURATOM [2] the role description was not prescriptive enough to provide sufficient guidelines for health care policy makers, service managers and indeed MPP.
The present policy statement provides elaboration, explanation and comment regarding the provisions of the Directive relating to the role and competences (responsibilities) of MPP. Much commentary has been developed in the context of the European Commission project "European Guidelines on the Medical Physics Expert", and published as Radiation Protection Report RP174 [3] . This important document will be referred to in this policy statement as the 'Guidelines'. Among other items, the Guidelines define the role and competences of MPP under 2013/59/EURATOM in terms of a mission statement and detailed competence profile (i.e., list of competences, which in the context of the European Qualifications Framework (EQF) means list of responsibilities [4] ) in the specialty areas of Medical Physics relating to medical radiological services, namely Diagnostic and Interventional Radiology, 2 Radiation Oncology and Nuclear Medicine. Iit should be noted that there is unfortunately great confusion in the literature regarding the different definitions of the word 'competence' [5] ; to avoid all ambiguity, the definition of the European Commission as stated in the European Qualifications Framework [4] will be used throughout this policy statement). This policy statement also provides additional commentary regarding further issues arising following the publications of the Guidelines.
Main articles of 2013/59/EURATOM highlighting the role and competences of MPP
The main articles of 2013/59/EURATOM giving prominence to the role and competences of MPP are the following: 2.1. Article 4(49): definition of the medical physics expert "medical physics expert" means an individual or, if provided for in national legislation, a group of individuals, 3 having the knowledge, training and experience to act or give advice on matters relating to radiation physics applied to medical exposure, whose competence in this respect is recognised by the competent authority.
Article 83: medical physics expert
1. Member States shall require the medical physics expert to act or give specialist advice, as appropriate, on matters relating to radiation physics for implementing the requirements set out in Chapter VII ('Medical Exposures') 4 and in point (c) of Article 22(4) ('Practices involving the deliberate exposure of humans for non-medical imaging purposes ') 5 of this Directive. 2. Member States shall ensure that depending on the medical radiological practice, the medical physics expert takes responsibility for dosimetry, including physical measurements for evaluation of the dose delivered to the patient and other individuals subject to medical exposure, give advice on medical radiological equipment, and contribute in particular to the following: (a) optimisation of the radiation protection of patients and other individuals subject to medical exposure, including the application and use of diagnostic reference levels; (b) the definition and performance of quality assurance of the medical radiological equipment; (c) acceptance testing of medical radiological equipment; (d) the preparation of technical specifications for medical radiological equipment and installation design; (e) the surveillance of the medical radiological installations; (f) the analysis of events involving, or potentially involving, accidental or unintended medical exposures; (g) the selection of equipment required to perform radiation protection measurements; (h) the training of practitioners and other staff in relevant aspects of radiation protection; 3. The medical physics expert shall, where appropriate, liaise with the radiation protection expert.
Article 57: responsibilities
1. Member States shall ensure that: (b) the practitioner, the medical physics expert and those entitled to carry out practical aspects of medical radiological procedures 6 are involved, as specified by Member States, in the optimisation process;
Article 58: procedures
Member States shall ensure that:
(d) in medical radiological practices, a medical physics expert is appropriately involved, the level of involvement being commensurate with the radiological risk posed by the practice. In particular: (i) in radiotherapeutic practices other than standardised therapeutic nuclear medicine practices, a medical physics expert shall be closely involved; (ii) in standardised therapeutical nuclear medicine practices as well as in radiodiagnostic and interventional radiology practices, involving high doses as referred to in point (c) of Article 61(1), a medical physics expert shall be involved; (iii) for other medical radiological practices not covered by points (a) and (b), a medical physics expert shall be involved, as appropriate, for consultation and advice on matters relating to radiation protection concerning medical exposure.
2.5.
Article 22: practices involving the deliberate exposure of humans for non-medical imaging purposes 1. Member States shall ensure the identification of practices involving non-medical imaging exposure, in particular taking into account the practices included in Annex V. 4. Where a Member State has determined that a particular practice involving non-medical imaging exposure is justified, it shall ensure that: (c) for procedures using medical radiological equipment (i) relevant requirements identified for medical exposure as set out in Chapter VII are applied, including those for equipment, optimisation, responsibilities, training and special protection during pregnancy and the appropriate involvement of the medical physics expert; (ii) where appropriate, specific protocols, consistent with the objective of the exposure and required image quality, are put in place; (iii) where practicable, specific diagnostic reference levels are put in place;
3. Main elements of the guidelines highlighting the role and competences of MPP
Mission statement for MPP
The mission statement for Medical Physicists and Medical Physics Experts based on 2013/59/EURATOM follows: "Medical Physicists and Medical Physics Experts will contribute to maintaining and improving the quality, safety and cost-effectiveness of healthcare services through patient-oriented activities requiring expert action, involvement or advice regarding the specification, selection, acceptance testing, commissioning, quality assurance/control and optimised clinical use of medical radiological devices and regarding patient risks from ionising radiations including protection from such radiations, installation design and surveillance, and the prevention of unintended or accidental exposures; all activities will be based on current best evidence or own scientific research when the available evidence is not sufficient. The scope includes risks to volunteers in biomedical research and carers and comforters" [3] . The purpose for the formulation of this mission statement was to summarise the role, make it more understandable to policy makers, regulatory authorities and the management of healthcare organizations and provide guidance to MPP themselves. 3 "By 'group of individuals' is meant a group of MPP with at least one who has reached the status of MPE in each specialised area of radiation physics applied to medical exposure e.g., Diagnostic and Interventional Radiology or Radiation Oncology or Nuclear Medicine including significant sub-specialities of these e.g., Brachytherapy, Nuclear Medicine therapy, Interventional Imaging in Cardiology as owing to the rapid expansion in medical technology it is becoming increasingly difficult for any single individual to be able to act or give advice in all areas of radiation physics applied to medical exposure." This group of individuals together with any ancillary staff would form an independent department of Medical Physics Services. 4 Chapter VII on Medical Exposures is very extensive and must be studied in depth by MPP as it is full of opportunities for the role to assert itself. 5 This refers to a new category of practices that make use of medical imaging devices for non-medical purposes defined in the Directive. 6 "those entitled to carry out practical aspects of medical radiological procedures": such professionals may be Medical Physicists not yet at expert level, radiographers, dental nurses and others. 
Competence profile of MPP
In the European Qualifications Framework for Lifelong Learning [4] a 'competence' is defined as a responsibility. A competence profile is the list of competences (responsibilities) expected of a class of professionals. The complete inventory of the competences expected of all MPP and specific competences expected in each of the three specialities of medical physics addressed in this policy statement is too extensive to be reproduced here but can be found detailed in the Guidelines (Annex I).
All MPP are asked to study this competence profile in detail and apply it to their practice. In the Guidelines the competences and the corresponding knowledge and skills are categorized as follows:
(a) Medical physics core competences expected of all MPP irrespective of their specialty: these are categorized as competences expected of MPP as physical scientists, those expected of MPP as healthcare professionals and those expected of MPP as experts in the clinical use of medical radiological devices and protection from associated ionising radiations. (b) Medical physics competences specific for each medical physics specialty: these competences are highly specific to each specialty of medical physics. It is important to note that an MPP from one specialty of medical physics who is required to assume additional specific competences from another specialty should be certified to carry out those additional responsibilities. Such cases may arise for example in a small nuclear medicine facility which requires its nuclear medicine MPP to take responsibility for the management of quality control testing of the CT component of a PET/CT system or at a small radiation oncology facility which requires its radiation oncology MPE to take responsibility for protocol optimization of a planning CT.
The full list of competences can be found in the Guidelines. For convenience the competences are categorized under the Key Activity Areas of MPP listed below and defined in detail in Table 1 . 
Commentary
The Directive makes it clear that the role of MPP in hospitals is to take responsibility for dosimetry (measurements and calculations) of patients and other individuals subject to medical exposure. In addition, they are to use their comprehensive and in-depth physical and mathematical knowledge to ensure that medical radiological equipment (including radiation sources and software devices) in hospital is judiciously chosen according to the desired clinical outcomes, properly calibrated, quality controlled and very importantly used effectively, safely and efficiently for the good of the patient. They are to know the radiological equipment very well, study user and technical manuals in detail, keep abreast of latest International and European recommendations, standards, documentation and research findings, keep themselves updated on new technologies and software updates, and liaise in an ongoing manner with the radiological equipment industry and other health care professionals. MPP bring a scientific approach to the technological aspects of clinical service development involving radiological equipment which is unique. In particular they should ensure that:
(a) Hospitals buy those radiological devices (including radiation sources and software devices) having the technical specifications which would deliver the target clinical patient outcomes at acceptable or, for therapeutic purposes, required patient doses (specification and selection of medical devices) Article 83 (2)(d); (b) Radiological equipment delivered to the hospital conforms to the tendered specifications and installed appropriately and safely with respect to patients, volunteers in biomedical research, carers and comforters and persons subjected to non-medical imaging procedures and in liaison with the Radiation Protection Expert safely with respect to staff and the general public (acceptance testing and installation design) Article 83 (2)(c)(d) and Article 83 (3); It is to be noted that often the role of the Radiation Protection Expert is held also by MPP. This is proactively encouraged by EFOMP in it's Malaga Declaration [6] particularly since there are many instances when doses to patients and staff or carers are highly correlated e.g., interventional procedures, nuclear medicine. Article 19 (4) commissioning, but does assume some aspects of commissioning within the acceptance testing itself. 8 Article 58(a): "Written protocols for every type of standard medical radiological procedure are established for each equipment for relevant categories of patients". 9 Article 4(48) "medical exposure means exposure incurred by patients or asymptomatic individuals as part of their own medical or dental diagnosis or treatment, and intended to benefit their health, as well as exposure incurred by carers and comforters and by volunteers in medical or biomedical research". 10 This would include also the setting up of dose constraints (Article 6(1)(c) "for medical exposure, dose constraints shall apply only with regard to the protection of carers (2)(e); (i) All healthcare professionals are well trained with regard to technical aspects of optimised radiological medical device use and radiation protection. Article 83 (2)(h).
The above tasks are summarised in the mission statement from the Guidelines. In addition the mission statement goes a step further and states the competence level at which these functions need to be exercised Table 1 The key activities of the medical physicist and medical physics expert.
Key Activity Main Actions
Scientific problem solving service Comprehensive scientific problem solving service involving recognition of less than optimal performance or optimised use of medical devices, identification and elimination of possible causes or misuse, and confirmation that proposed solutions have restored device performance and use to acceptable status. All activities are to be based on current best scientific evidence or own research when the available evidence is not sufficient particularly at the MPE level i.e., "all activities will be based on current best evidence or own scientific research when the available evidence is not sufficient". This is an important statement which indicates that MPP must keep themselves updated on technological developments, international and European documentation, manufacturer documentation and the research literature with regard to radiological medical devices (including radiation sources and software devices), their use and radiation protection to be in a position to contribute dynamically to service and protocol development and quality. It is important to work with the other members of the healthcare team as the contribution of all is required to ensure an effective, safe and efficient service. The MPE should evaluate patient dose reports from representative samples of each procedure and patient group and discuss the results with device users taking into consideration the clinical effectiveness of the procedures and assisting in any necessary follow-up. This would in turn facilitate compliance with policies and regulations. Article 58(d) requires that an MPE "is appropriately involved, the level of involvement being commensurate with the radiological risk posed by the practice". In the case of "radiotherapeutic practices other than standardised therapeutic nuclear medicine practices, a medical physics expert shall be closely involved" This means that in order to avoid acute cases of insufficient dose-coverage of target volumes or excessive damage to healthy tissues, an MPE must be present at all times during the entire patient pathway. In the case of external beam therapy or brachytherapy this means that the MPE is responsible for dosimetry from patient imaging for planning to patient discharge. Moreover, during times when patients are being irradiated the MPE should manage the monitoring of the therapeutic devices and the quality assurance/control and verification procedures in an ongoing manner. The MPE will take responsibility for treatment planning and ensure that for each patient "exposures of target volumes shall be individually planned and their delivery appropriately verified taking into account that doses to nontarget volumes and tissues shall be as low as reasonably achievable and consistent with the intended radiotherapeutic purpose of the exposure" (Article 56(1)). The MPE must supervise every dosimetric plan in order to achieve the treatment plan objectives, that is, to deliver the therapeutic dose to the planning target volume with the highest homogeneity and to keep the dose to the organs at risk as low as possible. For special techniques which include high dose gradients (IMRT, SBRT, SRS, VMAT, etc.), the MPE must perform or supervise in addition the dosimetric measurements required to ensure that calculated planned doses agree with the criteria of acceptability of the specific technique. The MPE must perform or supervise the independent checks of dose when appropriate. The MPE must take responsibility for understanding, commissioning and quality control of the treatment planning system as well as its output.
In the case of 'non-standardised therapeutic nuclear medicine practices', the MPE is responsible for quantitative functional imaging, quality assurance/control and individualized treatment planning with tracer diagnostics and verification of the delivered doses, wherever practically achievable and based on current best practice and evidence [7, 8] .
The term 'standardised therapeutic nuclear medicine practice' was not defined in the directive. In this policy statement a 'standardised therapeutic nuclear medicine practice' and indeed any standardised radiological practice is defined as one which satisfies the following conditions (conversely a non-standardised practice is one where one or more of these conditions is not satisfied):
(a) It is in the form of a written protocol; (b) It was developed by a multi-disciplinary team which included as a minimum a physician practitioner, an MPE in the specialty and a senior user; (c) It's development is well-documented and based on international guidelines and current published best evidence (alternatively, when no international guidelines or published best evidence have been available, local research has been carried out to support the practice with the provision that the practice should be revised when international guidelines or published best practice become available); (d) It has been updated at appropriate intervals; (e) It is not currently under modification; (f) It is used in situations with mostly predictable outcome in both efficacy and (low risk of) toxicity, and patient quality-of-life; (g) The protocol includes a list of specific circumstances under which the physician practitioner and/or MPE should be contacted for action and/or advice. (h) It involves the use of a registered radiopharmaceutical within its authorised clinical application.
Verification of the absorbed doses delivered to the target volumes and organs at risk are the minimum actions under responsibility of the MPE to ensure appropriate dose delivery by nuclear medicine therapy. The ALARA principle should be followed for nuclear medicine therapy to avoid unnecessary exposure of the patient, relatives and members of the public.
In the case of standardised therapeutical nuclear medicine practices as well as in radiodiagnostic and interventional radiology practices, involving high doses as referred to in point (c) of Article 61(1)(c) (which specifically includes also interventional radiology and computed tomography) an MPE shall be involved. This means that an MPE should monitor such practices regularly and be available on call at all times. These high dose practices together with paediatric and screening exposures are considered as 'special practices' (Article 61(1) ), 11 and should be given particular attention. Intensive ongoing dose monitoring (either through periodical clinical dose audit, individual patient dose calculations or dose monitoring software) should be applied in the case of screening as although the individual dose is low the population dose would be exceedingly high if protocols are not optimised by the MPE. The MPE shall prepare a specific QC and dose monitoring programme for each screening radiological system which should include typical acceptable patient doses, an estimate of the collective dose. Prior to first use a commissioning test shall be carried out by the MPE. In all imaging procedures the use of Diagnostic Reference Levels (DRL) as a first step in optimisation is crucial. The introduction of DRL for interventional radiology procedures is a new challenge required by the Directive. This task will require a significant effort for the MPE as monitoring these practices is difficult. Liaising with the RPE is essential to ensure adequate staff protection.
For other medical radiological practices not covered by the two previous risk categories, "a Medical Physics Expert shall be involved, as appropriate, for consultation and advice". This means that an MPE should be available on call at all times; however, a single MPE can be in charge of several small clinics on an outside consultancy basis. In both cases, it is imperative that the MPE (a) prepare a schedule of routine quality control tests to be carried by the radiological device users together with a form for assessment of routine image quality and patient dose (a users' technical report to be made available to the MPE on request) (b) prepare an appropriate schedule of visits to each radiological suite when the MPE would carry out more advanced evaluations of image quality and patient dose (c) set up written instructions indicating situations when the users are required to ask for advice and communicate this to management. The latter is particularly important as there have been instances when such users either did not realize that advice was necessary (as e.g., low image quality or high patient dose were not detected) or when advice was intentionally not 11 Article 61 'Special Procedures'1. Member States shall ensure that appropriate medical radiological equipment, practical techniques and ancillary equipment is used in medical exposure: (a) of children; (b) as part of a health screening programme; (c) involving high doses to the patient, which may be the case in interventional radiology, nuclear medicine, computed tomography or radiotherapy. Special attention shall be given to quality assurance programmes and the assessment of dose or verification of administered activity for these practices. sought either as a result of budget pressures or excessive professional pride. Written instructions would ensure that advice is asked for in a timely manner and not when situations become critical or when it is too late to prevent unintended or accidental exposures or when image quality has deteriorated to a point that accurate diagnosis is compromised. Such written instructions will serve to protect MPP from any malpractice lawsuits resulting from the absence of timely requests for advice by users. Article 22 ('Practices involving the deliberate exposure of humans for non-medical imaging purposes') refers to a new category of practices that make use of medical radiological devices for such procedures as: (a) radiological health assessment for employment purposes (b) radiological health assessment for immigration purposes (c) radiological health assessment for insurance purposes (d) radiological evaluation of the physical development of children and adolescents with a view to a career in sports, dancing, etc. (e) radiological age assessment (f) use of ionising radiation for the identification of concealed objects within the human body. (See Annex V of the Directive). Article 22(4)(c)(i) requires the involvement of the MPE in such practices including for optimisation and the establishment of DRLs and represents new opportunities for MPP.
The responsibility for justification of radiological procedures is that of the practitioner and referrer. However proper justification must be based on an evidence-based and quantitative evaluation of the benefits of and risks from the procedure. This is important for all procedures but particularly so in the case of paediatric exposures, screening, nonstandardised procedures, procedures involving risk to carers and comforters and medical and biomedical research. The MPE is required to provide the dosimetry to quantify risk in terms of appropriate dosimetric calculations/measurements. Such dose data should be kept by the licensee in accordance with the requirements of national legislation and advice provided by MPE.
The role of the MPP in non-ionising radiation as an alternative to ionising radiation in medical imaging is an issue which is not addressed in the Directive as the latter is dedicated solely to ionising radiation. However Article 55 regarding justification does state that: "Medical exposure shall show a sufficient net benefit, weighing the total potential diagnostic or therapeutic benefits it produces, including the direct benefits to health of an individual and the benefits to society, against the individual detriment that the exposure might cause, taking into account the efficacy, benefits and risks of available alternative techniques having the same objective but involving no or less exposure to ionising radiation". This ambiguity in the Directive renders the role of the MPP in giving advice regarding the relative effectiveness and safety of the various non-ionising imaging modalities difficult (although in practice giving such advice has become the norm) [9] . The Guidelines document also states that: "as the linking of non-ionising radiation devices to ionising radiation devices is on the increase (e.g., PET/MRI, SPECT/MRI, linac MRI, use of MRI and ultrasound in radiotherapy planning and monitoring), it is highly recommended that an MPE is appropriately knowledgeable regarding the medical use of such other physical agents 12 ". In fact the Guidelines document also lists knowledge and skills in MRI and ultrasound and although these are not mandatory, these learning outcomes have become the norm for MPE specialised in Diagnostic and Interventional Radiology.
Role development
The role and competences of every profession are not static. Each profession strategically seeks to expand and develop it's role by taking advantage of all political, legal, economic, social and technological opportunities available [10] [11] [12] . Directive 2013/59/EURATOM is an excellent legal opportunity for the profession to develop it's role further. Chapter VII of the Directive ('Medical Exposures') must be studied very intensively by MPP as it is full of opportunities for the profession to exercise and expand its role. Examples are Article 63 regarding accidental and unintended exposures 13 and Article 64 on estimates of population doses from medical exposures. 14 Other articles in other chapters also offer opportunities e.g., Chapter IX Article 96 on notification and recording of significant events. 15 MPP are ideally placed to liaise with radiation protection authorities in such situations. 2013/59/EURATOM like every European directive is not revised often enough to keep abreast with developments in radiation protection documentation and research. Again directives are compromise documents that balance the interests of many stakeholders, and therefore are sometimes not sufficiently prescriptive for achieving state-of-the-art protection. Because of these reasons MPP should look beyond the directive for further guidance. Many organizations (e.g., IAEA, ICRP, EFOMP, AAPM) produce excellent documents which can be used by MPP to develop their role [13, 14] . MPP are also very well-positioned to contribute to the ISO 9000 and ISO 17025 accreditation of medical organizations.
It is up to the National Member Organizations and the individual MPP to grasp these opportunities. EFOMP will help by providing necessary policy statements, supporting documentation and opportunities for advanced education and training but proactive strategic leadership by National Member Organizations at the national level is critical.
Independent medical physics services
Medical Physics Services are defined as individual MPP or groups of MPP who individually or collectively possess the knowledge, skills and experience to deliver effectively, safely and efficiently the complete set of competences expected of a Medical Physics Expert in all specialties of medicine and healthcare particularly those involving the use of ionising radiation. Such services can best be delivered by an independent Medical Physics department whose head reports directly at a very high to hospital management. 12 'Physical Agents' is the legal term used by the European Commission for physics based sources of energy such as non-ionising radiations, optical sources, sound, vibrations etc. There are several directives involving protection from such sources particularly in the area of occupational safety. Although not referred to us such, ionising radiations and particle beams are of course also physical agents under this definition. 13 Article 63: Accidental and unintended exposures Member States shall ensure that:
(a) all reasonable measures are taken to minimise the probability and magnitude of accidental or unintended exposures of individuals subject to medical exposure; (b) for radiotherapeutic practices the quality assurance programme includes a study of the risk of accidental or unintended exposures; (c) for all medical exposures the undertaking implements an appropriate system for the record keeping and analysis of events involving or potentially involving accidental or unintended medical exposures, commensurate with the radiological risk posed by the practice; (d) arrangements are made to inform the referrer and the practitioner, and the patient, or their representative, about clinically significant unintended or accidental exposures and the results of the analysis; (e) (i) the undertaking declares as soon as possible to the competent authority the occurrence of significant events as defined by the competent authority; (ii) the results of the investigation and the corrective measures to avoid such events are reported to the competent authority within the time period specified by the Member State; (f) mechanisms are in place for the timely dissemination of information, relevant to radiation protection in medical exposure, regarding lessons learned from significant events. 14 Article 64 Estimates of population doses "Member States shall ensure that the distribution of individual dose estimates from medical exposure for radiodiagnostic and interventional radiology purposes is determined, taking into consideration where appropriate the distribution by age and gender of the exposed". 15 Article 96 Notification and recording of significant events "Member States shall require the undertaking to: (a) implement, as appropriate, a recording and analysis system of significant events involving or potentially involving accidental or unintended exposures; (b) promptly notify the competent authority of the occurrence of any significant event resulting or liable to result in the exposure of an individual beyond the operational limits or conditions of operation specified in authorising requirements with regard to occupational or public exposure or as defined by the competent authority for medical exposure, including the results of the investigation and the corrective measures to avoid such events". 7. Summary recommendations EFOMP strongly encourages its National Member Organizations to strive to ensure that the roles and responsibilities of MPP in their respective states comply with the recommendations in this policy statement. EFOMP also recommends that National Member Organizations produce a manual of good practice for their members in the national language and also conduct the necessary studies to determine the material resources and number of MPP at both entry and expert levels they would require in order to deliver the above services. The latter document should be delivered to the appropriate authorities; it will help safeguard staff of Medical Physics Services from any malpractice lawsuits arising from insufficient material and human resources.
